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(57) Abstract: A power generator for use in a wellbore formed in an earth formation, comprising an internal combustion engine 
having a cylinder and a piston defining a combustion chamber in the cylinder, the engine being arranged to induce a reciprocating 
movement to the piston relative to the cylinder upon combustion of a combustible gas mixture in the combustion chamber, and a 
linear electricity generator having a staler and a drive shaft, the generator being arranged to generate electricity upon a reciprocating 
movement of the drive shaft relative to the stator. wherein the piston is connected to the drive shaft so as to transmit said reciprocating 
movement of the piston to the drive shaft 
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DOWNHOLE ELECTRIC POWER GENERATOR 

The present invention relates to a power generator 
for use in a wellbore formed in an earth formation. The 
purpose of such power generator is, for example, to 
provide electric power to electrical wellbore equipment, 
5 to charge a battery for powering such equipment, or to 

create an electric charge or discharge in or around the 
wellbore. However, application of a conventional power 
generator in a wellbores is impractical or impossible in 
view of the relatively small diameter of the wellbore, 

10 particularly in the deeper sections of the wellbore. 

Furthermore, the installation of temporary power cables 
in a wellbore is difficult and expensive. 

It is an object of the invention to provide a 
suitable power generator for use in a wellbore formed in 

15 an earth formation. 

In accordance with the invention there is provided a 
power generator for use in a wellbore formed in an earth 
formation, comprising an internal combustion engine 
having a cylinder and a piston defining a combustion 

20 chamber in the cylinder, the engine being arranged to 

induce a reciprocating movement to the piston relative to 
the cylinder upon combustion of a combustible gas mixture 
in the combustion chamber, and a linear electricity 
generator having a stator and a drive shaft, the 

25 generator being arranged to generate electricity upon a 

reciprocating movement of the drive shaft relative to the 
stator, wherein the piston is connected to the drive 
shaft so as to transmit said reciprocating movement of 
the piston to the drive shaft. 

30 The power generator can have a relatively small 

diameter so that the generator fits in the wellbore, by 
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virtue of the movement of the piston and the drive shaft 
being a reciprocating movement. 

The invention will be further described in more 
detail and by way of example with reference to the 
5 accompanying drawings in which 

Fig. 1 schematically shows an embodiment of the power 
generator according to the invention; 

Fig. 2 schematically shows in inlet valve of the 
embodiment of Fig. 1; and 

10 Fig. 3 schematically shows an exhaust of the 

embodiment of Fig . 1 . 

Referring to Fig. 1 there is shown a power 
generator 1 for use in a wellbore (not shown) formed in 
an earth formation (not shown) . The power generator 1 

15 includes an internal combustion engine 4 and a linear 

electricity generator 6 having a common longitudinal axis 
coinciding with, or parallel to, the longitudinal axis of 
the wellbore. 

The engine 4 comprises a housing 7 provided with a 

20 cylinder 8 and a piston 10 extending into the cylinder 8 

and being movable relative to the cylinder 8 in 
longitudinal direction thereof. A drive rod 12 connected 
to the piston 10 extends in longitudinal direction to the 
linear electricity generator 6. The cylinder 8 is at the 

25 end thereof opposite the drive rod 12 closed by an end 

wall 14, thereby defining a combustion chamber 16 formed 
in the cylinder 8 between the piston 10 and the end 
wall 14. A compression spring 17 biased at one end 
thereof against a circular plate 16 fixedly connected to 

30 the drive rod 12 and at the other end thereof against an 

annular shoulder 18 provided in the housing biases the 
piston 10 in the direction of the end wall 14. The 
combustion chamber 16 is provided with a glow plug (not 
shown) connected to a battery (not shown) for temporarily 

35 heating the glow plug. 
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The linear electricity generator 6 includes a 
stator 22 having a plurality of stator coils 25 and a 
drive shaft 24 having a plurality of magnets 26 and 
extending into the stator, the linear electricity 
5 generator 6 being arranged to provide an electric 

potential at power connections 28, 30 upon a 
reciprocating movement of the drive shaft 24 in 
longitudinal direction relative to the stator 22. The 
drive shaft 24 is fixedly connected to the drive rod 12 

10 of the engine 4 . 

Referring further to Fig. 2 there is shown an inlet 
valve 32 of the engine 4. The inlet valve 32 is in fluid 
communication with an oxygen reservoir 34 via a 
conduit 36 and with a hydrogen reservoir 38 via a 

15 conduit 40. The oxygen reservoir 34 contains a supply of 

oxygen at a selected pressure, and the hydrogen 
reservoir 38 contains a supply of hydrogen at a selected 
pressure. The inlet valve 32 includes a valve body 42 
provided with a disc shaped chamber 44 having a valve 

20 seat surface 4 6 provided with a first opening 48 in fluid 

communication with the conduit 36, a second opening 50 in 
fluid communication with the conduit 40, and a third 
opening 52 in fluid communication with an inlet opening 
(not shown) provided in the wall of the cylinder 8 via a 

25 conduit 54. The position of the inlet opening is such 

that the piston 10 covers the inlet opening during an 
initial stage of the combustion stroke, and uncovers the 
inlet opening during a final stage of the combustion 
stroke. A membrane 56 divides the disc shaped chamber 44 

30 in a first zone 60 in fluid communication with the 

respective openings 48, 50, 52 and a second zone 62 in 
fluid communication with the combustion chamber 16 via a 
conduit 64. The membrane 56 is flexible so as to allow 
the membrane to lay against the valve seat surface 46 if 
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a fluid pressure in zone 62 exceeds a fluid pressure in 
zone 60. 

In Fig. 3 is shown an exhaust 42 of the engine 4, the 
exhaust including an outlet opening 70 formed in the wall 
5 of the cylinder 8. For reference purposes the piston 10 

is shown together with the direction of movement 71 of 
the piston 10 during a combustion stroke thereof. The 
position of the outlet opening 70 is such that the piston 
substantially covers the outlet opening 70 during the 

10 initial stage of the combustion stroke, and uncovers the 

outlet opening 70 during the final stage of the 
combustion stroke. The outlet opening 70 is in fluid 
communication with an expansion chamber 72 provided with 
a non-return valve 74 allowing combusted gas to flow from 

15 the expansion chamber 72 via the non-return valve 74 to 

the exterior of the engine 4 and preventing inflow of 
fluid from exterior the engine 4 into the expansion 
chamber 72. The non-return valve 74 includes a passage 76 
for combusted gas, which passage 76 is provided with a 

20 body of permeable material 78 including sintered steel. 

During normal operation a stream of oxygen flows from 
the oxygen reservoir 34 via the conduit 36 into the first 
zone 60 of the chamber 44 and a stream of hydrogen flows 
from the hydrogen reservoir 38 via the conduit 40 into 

25 the first zone 60. In said first zone the streams of 

oxygen and hydrogen mix to form a stream of combustible 
gas mixture which flows via the conduit 54 into the 
combustion chamber 16. Ignition of the gas mixture is 
achieved by inducing the battery to provide an electric 

30 current to the glow plug. Upon ignition of the gas 

mixture, the piston 10 performs a combustion stroke in 
the direction of arrow 71 thereby compressing the 
spring 17 and moving the drive shaft 24 of the 
electricity generator 6 in longitudinal direction 

35 relative to the stator 22. The piston 10 uncovers the 
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inlet opening and the outlet opening 70 during the final 
stage of the combustion stroke^ thus allowing the 
combusted gas to flow via the outlet opening 70 into the 
expansion chamber 72. The combusted gas expands in the 
5 expansion chamber 72 and flows from there via the non- 

return valve 74 to the exterior of the power generator 1, 
thereby passing through the body of permeable 
material 78- The non-return valve 74 and the body of 
permeable material 78 prevent fluid outside the power 

10 generator from entering the expansion chamber 72. 

As the combusted gas flows out of the combustion 
chamber 16, the pressure in the combustion chamber drops 
to a level below the pressure of oxygen in the oxygen 
reservoir 34 and hydrogen in the hydrogen reservoir 38. 

15 As a result another stream of oxygen flows from the 

oxygen reservoir 34 via the conduit 36 into the first 
zone 60 of the chamber 44 and a stream of hydrogen flows 
from the hydrogen reservoir 38 via the conduit 4 0 into 
the first zone 60. In said first zone the streams of 

20 oxygen and hydrogen mix to form a fresh stream of 

combustible gas mixture which flows via the conduit 54 
and the inlet opening into the combustion chamber 16. 

Upon completion of the combustion stroke , the 
spring 17 induces the piston 10 to perform a compression 

25 stroke whereby the piston 10 compresses the combustible 

gas mixture in the combustion chamber 17. During the 
compression stroke the pressure in the combustion 
chamber 16 rises to a level above the selected pressure 
of oxygen and hydrogen in the respective reservoirs 34, 

30 38. Consequently the membrane 54 is biased against the 

valve seat surface 4 6 thereby closing the openings 48, 
50, 52. Further inflow of combustible gas mixture into 
the combustion chamber 16 is thereby prevented. When the 
piston 10 arrives at the end of the compression stroke 

35 the pressure in the combustion chamber 17 is at a level 
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causing the glow plug, which is still hot as a result of 
the previous combustion cycle, to ignite the combustible 
gas mixture thereby inducing the piston 10 to perform 
another combustion stroke. During the initial stage of 
5 the combustion stroke, the pressure in the combustion 

chamber 16 is even higher so that the openings 48, 50, 52 
remain closed during such initial stage. 

The engine then automatically performs a sequence of 
combustion cycles, each combustion cycle including a 
10 compression stroke followed by a combustion stroke of the 

piston 10, as described above. The drive shaft 24 of the 
linear electricity generator 6 is thereby induced to 
perform a reciprocating movement, and as a result 
electric power is generated at power connections 28, 30. 
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CLAIM S 



1. A power generator for use in a wellbore formed in an 
earth formation^ comprising an internal combustion engine 
having a cylinder and a piston defining a combustion 
chamber in the cylinder, the engine being arranged to 
induce a reciprocating movement to the piston relative to 
the cylinder upon combustion of a combustible gas mixture 
in the combustion chamber, and a linear electricity 
generator having a stator and a drive shaft, the 
generator being arranged to generate electricity upon a 
reciprocating movement of the drive shaft relative to the 
stator, wherein the piston is connected to the drive 
shaft so as to transmit said reciprocating movement of 
the piston to the drive shaft. 

2. The power generator of claim 1, wherein the engine is 
provided with a spring biasing the piston so as to 
compress said combustible gas mixture in the combustion 
chamber . 

3. The power generator of claim 1 or 2, further 
comprising an inlet valve arranged to allow a stream of 
said combustible gas mixture to enter the combustion 
chamber if the fluid pressure in the stream exceeds the 
fluid pressure in the combustion chamber. 

4. The power generator of claim 3, wherein the inlet 
valve comprises a valve body having a valve seat surface 
provided with at least one opening for supplying the 
combustible gas mixture to the combustion chamber, and a 
membrane arranged to cover each opening if the fluid 
pressure in the stream is less than the fluid pressure in 
the combustion chamber. 

5. The power generator of claim 4, wherein the valve 
seat surface is provided with a first opening in fluid 
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communication with an oxidiser reservoir^ a second 
opening in fluid communication with a fuel reservoir, and 
a third opening in fluid communication with the 
combustion chamber^ the membrane being arranged to cover 
the first, second and third openings if the fluid 
pressure in the stream is less than the fluid pressure in 
the combustion chamber. 

6. The power generator of any one of claims 1-5, wherein 
the engine is provided with an outlet for combusted gas, 
the outlet including an outlet opening provided in the 
cylinder wall in fluid communication with an expansion 
chamber provided with a non-return valve allowing 
combusted gas to flow from the expansion chamber via the 
non-return valve to the exterior of the engine and 
preventing inflow of fluid from exterior the engine into 
the expansion chamber. 

7. The power generator of claim 6, wherein the expansion 
chamber is provided with a passage for combusted gas, the 
passage being provided with a body of permeable material. 

8. The power generator of claim 7, wherein the permeable 
material comprises sintered steel. 

9. The power generator substantially as described 
hereinbefore with reference to the accompanying drawings. 



PCT/EPOQn2002 



1/2 




INTEBMATI0NAL SEARCH REPORT 



Intr ional Application No 

PCT/EP 00/12002 



A. CLASStRCATION OF SUBJECT MATTER 

IPC 7 E21B41/00 



According to International Pateni ClassiBcalton (IPC) or lo both national ctassification and IPC 



B. RELOS SEARCHED 



Minimum documeniatlon searched (classiticaiion system foUowed by classtticaiion symbols) 

IPC 7 E21B 



Oocumentalion searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic dala base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



us 4 805 407 A (BUCHANAN RONNIE J) 
21 February 1989 (1989-02-21) 
column 3, line 65 -column 4, line 8 

EP 0 909 008 A (HALLIBURTON ENERGY SERV 
INC) 14 April 1999 (1999-04-14) 
column 3, line 50 -column 4, line 16 

EP 0 500 303 A (HALLIBURTON CO) 

26 August 1992 (1992-08-26) 

column 4, line 40 -column 5, line 10 

US 5 202 194 A (VANBERG JR CHARLES F) 

13 April 1993 (1993-04-13) 

column 3, line 43 -column 4, line 29 



1-9 



1-9 



1-9 



1-9 



□ 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



* Special categories of cited documents : 

*A' document defining the general state of the art which is not 

considered to be of particular relevance 
*E* eartler document but published on or after the imemational 

filing date 

*L' document which may throw doubts on priority daimts) or 
which is cited to establish the publication dale of another 
dtation or other special reason (as specifiad) 

'0* document referring to an oral disclosure, use. exhibition or 
other means 

'P* document published prior to the international fifing date but 
later than the priority date claimed 



'T* later document published after the intenuUional filing dale 
or priority date and not in oonflld with the application but 
dted to understand the principle or theory underiying the 
invention 

*X' document of particular relevance; the clammed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 
cannot be considered to invoh/e an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person sidDed 
in the ait. 

*&' document member of the same patent family 



Date ol the actual completion of the International search 



28 February 2001 



Date of mailing of the international search report 



07/03/2001 



Name and maiing address ollhe ISA 

European Patent Onice. P.B. 5616 Palenitaan 2 
NL - 2280 HV Ri|swQi< 
Tel (♦31-70) 340-2040. Tx. 31 651 epo nl. 
Fax (+31-70)340-3016 



Authorized officer 



Garrldo Garcia, M 



Form PCT/ISA/210 (aaoand shaai) guly 1092) 



INTERNATIONAL SEARCH REPORT 

Infonnation on patent lamily members 



Intf 'lonal Applicallen No 

PCT/EP 00/12002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 4805407 



21-02-1989 



EP 0909008 



14-04-1999 



EP 0500303 



26-08-1992 



US 5202194 



13-04-1993 



CA 
DE 
DE 
EP 
ES 
S6 



1320481 
3781293 
3781293 
0238337 
2033832 
114092 



US 
NO 



5965964 A 
984272 A 



US 
AU 
AU 
AU 
AU 
CA 
DE 
DE 
DK 
NO 



5149984 A 
641113 B 

1101092 A 
644511 B 

1103692 A 

2061701 
69210280 
69210280 
500303 
920656 



NONE 



20-07-1993 
01-10-1992 
11-02-1993 

23- 09-1987 
01-04-1993 

24- 12-1992 



12-10-1999 
17-03-1999 



22-09-1992 
09-09-1993 
27-08-1992 
09-12-1993 
03-09-1992 
21-08-1992 
05-06-1996 
19-09-1996 
03-06-1996 
21-08-1992 



Farm PCT/ISA«10 (pBtartfamiV ama) (JuV 1882) 



